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Adenovims-mediated /n vil/D g ne 
transfer and expression in normal 
rat liver 



H. A, ]tffc\ C. Dand\ G. Lon|cncckcT»» M, Met2g€r^ Y. SetoguchiS M. A, Ro^cnfdd^ 
T, W, Gant\ S. S, Thorgeirsson*, L. D. Slratford-Pcrricaudrf, M, Prrricaudci*. 
A. Paviram\ I.-P. Lecocq^ 8f R. G. Crystal' 

Replication deficient, recombinant adenovifus (Ad) vectors do not require t^rflat cell 
replication tor transfer and expression of exogenous genes and thua may be useful for in 
vim gene therapy in hepatocytra. In vltfv, primary cultures of rat h^tocytes infected 
with a recombinant Ad containing a human alnantitfypsin cONA (Ad-a1 AT) synthesized 
and secrdt^ Human a1 AT for 4 uweeKs- In rata, in v/vo intraportal administration of a 
reeoml^nant Ad containing the f . co/i IseZ gene, was followed by expression of p- 
galactosidase in hepatocytes 3 days dftdr infection. Intraportal infusion of Ad^1 AT 
produced detectable derum levels of iiuman a1 AT for 4 weeks. Thus, targeted gene 
expression has been achieved In the liver, albeit at low levels, suggesting that 
adiBnovinis vectors may be a useful means for in vivo gene therapy in liver disorders. 
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AsignifuantchaUcri^inth^developmcmorgcnethcrRpy 
far herediury ^6 acquired dtwders In man is the 
cxprcuian of the thcrtpeutk gene ia the relevant cell 
population.The hcpatocyieiepreienU vn mmpte of thic 
diJemma. AltKough the hepttocytc pUy« a central role in 
the psthogCQCSid of monr !iun»n diaordetfi^ the Sow »te 
of ccU proliferation has Urtuicd ihc u9C of retrovvnu 
vecton, )iposome*DNA complexes^ and ligQDd'basfd 
DNA complexes for gene therapy, to moddfi where 
hcpttoqde repUcitian c&n be ciihtnccdi ybcre the 
eiogenoitf gene can be transferred to the hepatocyte in 
vttni a/td the modified cclli relnluicd, 01 where transient 
and/or rekativ^ly Iqw W<it$\ cxp; euion of the trantferred 
gene may be vuG^cicnt to achieve the therapeutic gt^al'-''. 

To drcuznvfintthe requkexneitt for ongoing hepaiocyte 
repUcation for cuaxssful in Wvogcne transfer, we studied 
adtnowu* (Ad) vccwri, which do not require hosi cell 
pToUlcrationfOTcrpmticmofthegctttlDtytrajisfett^ 
Recombinant, rcpHatiDn*^deficient Ad vector* can 
occoramodate large exogenous and have been used 
&ucccssh2llyintraosferTuighumangcn««tothc rtlpintory 
epithetiuxn in WviOt ceU targau that alio replicate 
infrequently*"'. Hcp«iocyTe«> although rarety» can be 
targeU for clmiol ^dunavifui Uifeciion'*''', and bfi£f uia 
the mpiratory epithelium and the liver share (he lamr 
cmbTyolog^c origin" and genes can be Uansferrcd tQ Ihc 
neonatal liver by recombinant Ad vectors*', we 
hypoth£5tKd thai the adult liver could be a target for in 
w>v Ad.mediated gene tranafcr. From a safety vicw|poim, 
there are extensive epidemiotogtc data documeqiing that 
AdinTcctlon&sreB tassooatedwith human malignancies 
and live adenovirus veccincs havebcen uaed safely in large 



human populations (or more than two decades^*". 

In the present 5tud)ri the poaaibiUty of using cbt Ad to 
tranafer Human genes tobepatocytes in Wvowa^ evaluated 
u£tng the £ coti kcZ gene and a human QL^-antttrypsin 
(al AT) cDN A as modd genes-The ocprcsnon of the locZ 
gene, coding for 9-gaIactosidue, term as a model to 
(demify cells in which there has been luccest^uJ in viw 
gene tranafer. The expresalon of the human a AT cDKA 
serves as a model of the ability of the Ad vector to confer 
upon ihe hepatocyie the capadiy lo lymhetizft a typical 
liver-produced lecretory glyo^TOtein, as direaed by the 
uan&ferrcd gene.lt eifioprovideaa convenient protdn for 
evaluation of chronidly of exprc»U>n by following serom 
leveU of the gene produa". 

Adenoviral IranEfer to euKured hepstocytca 
Primary cultures of rat hepatocytes exposed to the 
recombiTunt Ad vectors demonscraud uansfer and 
expression of the caogenoui genea. The exposure oi 
cultured hcpatocyics to ihc kcZ containing Ad vtctoi 
(Ad.a$vpgal; s«a Methodology) ai a mtiliiplictty oi 
io&ctioD of 100 pfu per ccU for 24b resulted in cxprcssior 
of p^galflctoydase in the majority of ihchcpatocytct 
wvih at> aaaociated change in the morphology of the cell 
(not shown] . Erpoaure of the cultured hepatocytes to ar 
Ad vector containing the huma alAT cDNA (Ad 
al AT)^' resulted in csqprcttion of thh cDNA aod alsc 
caused no morphologic changes (Pig. lo, b). I» 
hybridizAtt o analysis of uninfected hmtoqrtcs with 
human ajAT anri«n« cRNA probe demcnitraeed m 
human alAT mRNA tranacrtpta (hadcground tavcl 0 
grauu), that is. the human alATanri^ense probe did no 
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r«»«»ae the n«log««"«» hepstoqric o1AT»p»HA 
wS^e-Sme and«n«p~bcdt« y Jem 

Ln»o alAT mRNA ir.««ipt» «P wt ^f«°^» 
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QfAA-a»AT»nfectcdoilturo>w»«inJMWiin«ifatt<lor 
a»tn>lA4«ci«K infected cultuiw. ^ . _ „» 

LbcBirr for 24 h, »n«» ewtluaiion of the «i«t«TB 

alATwtibody dcn»n.tr.«d ""^^^jl^T^S 

yMiHa vi>roP~» iWHTonoi. far matui.. 

alAT molecules (telatiw moleaibr nuns 52J»0 W, 
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Po. 2 Eva!ui«ion of irr wUo Ad^al AT 
OTfiduction of rwmaft o1 AT and 
infe^ cal hftpfitocyte proAicacj 

i^AO. SmnttjnopredpMton wlw an 
inU-Hirrran a1 AT oniSbody. SD3- 
PAfiE omS autoreiSaBidphy. a, 

Ghafwste/^iatton or hwran i^iaT over 
time by Ad-a^ AT intertod rat 
hepatocytes- L^e 1, urMectod 

an^Ked to vlrai sucpantlon bufw; 
imo 3, topstocyteo evaluated. 3 days 
fiKer ififectkm twth AditSVMa). i 
fntmbiAflnt nepficalion daTiciam Ad 
oonslnlng th6 E. cofi 1x2 sens; (aOQ 
4. hepotocytes ovaJuamd 3 days oftef 
UrtBCtien ^ith Ad-»1AT; laf» 5. u 
tone 4, tot with me add-on of 
^raorlpe; 6. 8ft tone 4, fiui 

me adcWort O! tunioimWilfH larw 
7.h<Mtacyt» evduated 7 daysBne* 
iniec»onwi<hAd-olAT;lawa. 

8hoiM^ art o« poaitlona of miqraupo Uw S2K ♦^f"*" "J*" ' ™ i«xiuc«d by Aihai AT infected rat hspawcvjes 

to cpmpiOT with fiewttopM elaaase WH- Ijrw ij^^wf^Bo^P^^ con^atiem » ihe suparnatam p/iorlo 



St.;-. 

Hi 



52K), compare taw 4 to i» infection, vtnw liapcnswn 
buf&r and AiJ, RSVM ittfection controto. U»e« 
TlK fsrt thai the xaeled alAT hat th« appawot Mr of 

h» » >i4lf-r>fe to fta afeulation W-fold greater than that 
of non-«)y«i»»»aied alAT»». Further cyidence th« ihe 

ncv/ly iynlhe»B«« htn"*" o»AT t^*^*^ 

nwmalfashion caratfromcompariionof i»lAT when the 

Ad-alAT infected hepatocyta were incubated li» the 

presence of swainMniltc (an inhibitor of carbfthydrate 

side chain procewing in the Golgi) or tumcamycja (»n 

inhibitor of core glycoeyUilon to the fmitfjCTdoplasnuc 

retku>wn);theaiaraieotM,dtoppedto^ 

4SK (lane 6)), reapectlvrir*"'. Ad-alAT tnfcaed 

hepatocytes co«t»aued to produce OlAT for 

dam (laties 4. 7-9). The ipecifidty of the wtibody far 

htunan alAT wa» demontlrtted by addifl| exceB* 

ujilaheUed human aiAT to the immunopicopWUMi 

reaction (Um 10). When Lcutwpha eJ«rtai» {NS. the 

natural wbsltaieofolAT) was added to the wpanitanii 

ofAd-olATinrecledhBpato(7tes.lheexpccw:d81KaiAT- 

NE oiniplae^' were obieived (Kg. ^ ^1- 



la vivo Bene tranjfcr to tht Uvcr Brsi evaluated t»y 
inm>duciioDOfAd.RSVj)jaJoiControls(«nrtiiiipensioii 
buflcr, ot conUtJ viitjsei Ad-dl3l2, Ad-ttlAT. or A<l- 
CFTR (ice MethodologrM w>»o ^ •i"" vU inuaponrf 
laiection (fia. 3). RaU obiaved liar wp to *0 day* shotted 
noiOttm cfTerti (altered aorwal recovwy po»t. 
tUTgery. cftai ippearaltce or general acuwtr levcj) 
compared to eontroli.livif»ejtp<»sed to the Ad vector! 
vivfl tevesled »"> g"»«» «»' microscopic anatomical 
derangnnentt when compwed to the liver* recowrcd 



ftom non-inie«cd ot virva wipeotlMi huffei injected 
animals. liven recovered 3 daya after infusion « v 
equivalent volume of vSrua suspemion buffer or 10' pft 
Ad-BIAT reveaJed no evideoee of tuZ EW»« B«pr«SSlo» 
(Pitt. Sat M . likewise, irhidon of 10" ph* of Ad-dl31 2 o 
AdTcFTR or no infusion «t all resulttd in no P 
gjlacttuidase activiTy (not ibo^}. 

In cnnlraat. livers rerovertd froin having retrive. 
lOX'»ftiiniraport»lAd.IlSVPgal3dBysprevioudydK>we 

cxptctiion of the ewijenous ficfl* i« hepatocyta. as see 
by the nuclear blue staining, charactemlic at j 
gdacto»idat<acU»iiy«diiededbTtheto£ZBrtm«&| 
with the SV40oueleatlocali2ation«iy»I.ThefllJt«BtttK 

of poiitive celli waa diacotitintiow: some areat «vow 
randomly dUtributed tingle positive cells (Ftg Sc). oth 
areas thtwed note doady spaced (Kg Sd-/) 
(Fit H A of blue staining hepatocyies. Some ipeame 
had broad areas with no positive ceUs. Ittteresongly. ; 
Kupffer cella, biliary uact cella or hepatic vasco 
endothelial cells expresacd p-giUactosidise act.vl 
Etaminitlon ofblindly selected aampte of Uvcr otpa 
to intt apoiuJ AdJlSVpgal doMnwntod an ^ 
+ 0J% tmean ± SEM; dtfl of 59,839 total hepaioq 
Kored in a ti^J of 1 liven) ofhepa tocy^BprcH«g 
laeZ gene. Aiiimals reoetvine intraportal JW-iiavf 
^Jid m evidnw of fr-gaJactoStdaae »«»;^nr « he 
W bnin. kidney, spleen, musda or testis (n« shO* 

v«iSnnlypte»entinAd.llSVp9dawlcontioIanw 
and served as* positive control*. .^^^^ 
In contrast to direct tnneponal adaumstratjtm ol 
Ad-KSVPgal vector, attempts at m 
ntuisfer to the liver by intr.v«wus 
Adjavpgal(fl=5) or.as control, vmissutpensiontr 
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(n = 3) into ilw lafl ve|n» of ftduh nts were onnicceMful. 
liven jw» wed 3 <la¥» after injection ftom eithti jfomp 
£4 not rtiDW ^gaUctosidw activity (««« Aown I- 

Aj wwthef •Bpr«»ehto »iM»nogth« m wwtrMuter of 
the beZflene tohepelocyte*. we recovered hepotacytes by 
con«pn«epiTtolon»Pf*elh-rr3d,y».ft«»in"^^^ 
ii^^on ofAd.RSV9g«l. SuifltoB wth X-gl remled . 
imnil»liOA of hepaiocyta with nudea/ Wuc itunmj 
^tuent with Ihe {« vJwBtiansfcr of the jfle^gew (««» 
Aownl. Aside Ham the e)ipt«5»ion of p-g»Uctow<toK 

diitinAiUkable from hepaiocyw rccowcd by the lamfl 

Ad-ai/^T. Ad-CFTR, Ad-dJSlJ or baffrr. Which walned 
neptive. 

(n»J» transfer 01 a1-w»«i*VP«f" ^ . . ... 

Coii.i»tcnt wlih the •'^'"''V''?'.*'*"^ aL^a^ 
Ad RSVtol. in VIVO intraporaJ ui«iision pf Ad-»iAT 

,rtdthc•eCfcri■lOo^b^uODnalATu1tolhea«ul»uoo.No 

0oa or mtaoKopic snatomiwJ dertoneao^' « 
K wu found coinp«»d «o controls. PoUow.ng 
Sp^ .dmini,.r«la« of Ad^XlAT (10" pfa) or 
controUUnajMivaleniWlwrnc rwinMiMpenuonbuffer. 

^mmm > at 1 1127/01 7:00:39 PM [Eastern Standard Time] 



Utielli»i8«idin»mimopTecip!tatloft.TVs de nowsynthciis 
and aecSrtion of httmen alAT protein WM^towmented 
by the immuMpretipitetionof the «P^f "f^J^f, 
«S.|ibelled aiAT from eulwrei of rat bepitwcytej 
,.cove.edby eoUegenwe pnfusiM at 3. 7. 11, «.6^ 

No humfui al AT was {nmiuooprtcipU«ed &o« nmiur 
hepetocyte wpemeiatiis from nninfecied tat^ or odwr 
cnntroU (otha Ad vectoR or Yird luspeiwon boHer). 
The immunopcedpitftblc .iansl eliminated by etfoa 
unUbelUd human alAT " 
Immvuioprccipitadan reaction, confirmed ft»t tb0 waa 
indeed human al AT- j v„-« „ at 

Eapreiaion of the « vi*<i vanafferred humM a^T 
cDNAw.,documefrtedinvij«byqu.«^-n^ 
!e«diofhujnanal ATwilh ahumana) At-ipe«»ficiaJ^ 
(f« 4J. Human alAT in the cItcuIsUob of rffubjvinB 

overWaame time P«=ri<>^,«'^f»*» '^^'f 5^^'",^ 
x-terti the rxoimal l«cl of endogenous « in the 

5i«dot«l'»«imitoda«»n8tr«eddtteeoUeh«{^^^ 
ScirctOatloofcraibnsuMwWdeA^^^^ 

alATvrtJ found in lenun •^P'^«*»"*®???1!?A!J4 
«). iwattdioBtbokfe<eiw*8oo«i»»T»»<?l»w«a<»''*w* 

S.Sttiviv»l«a«denilcal»paUloie<ned«wnialsfovipfc 
tham. viral 9tt»P«»«ion buffer, ajftirol adeoovuuaet asd 
Ad-atAT. 



Otseusslon ^ . 

ItiJ clear that replicaiioo'^efident Ad vectors can htoaeo 

CO ironafer ew8«'«>'«» senei to hepatocT*" Jrr;*^ 
indudrne lenn coding foi an i«tm«tt«lw 
priiunn (E fljfib-ffdactaaidaae) »ndai)ycoiyUwl.s««ted 
Ainctional protein (human alATl. Our data tuppon a 
ocw atraiegy for tranrfer and expression of cwigenoua 
genea into adult hepalocytel t« vtvo without pnor 

LrtwbaiionoftheF«'»«»«>nan»C.«**3f*^'«»?''^*^ 
>dvdt hepatocrte. This obviatea *e u« of tiunuJanti for 
H«patocytet such aa hcpatotoxiftt or rocciioas, wh»ch 
have signiftunt dra»rt>ad»foT adaptation tobumanflpne 
Uanifcr, Several importanl mpitf are relavapt to tlw 
potential usehjlnwi of in Ad vector «y««B fct m «w 
Unun gene tiamfcr to ihe Uver. indudmg: 1 organ 
.pcdficlty; 2) e«ertt f expreailon; 35 chronlcity of 
espressioo and 4) safety. 
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Organ specificity co the Uver wu achieved by Xaal 
admmUlr«tiafl. Thfi Ad ratcr« cells by interacting wiih 
cdl surfoce receptois tfajt recognize the fibrc«penton 
8imtureofthcv{nifcap9id^.FoUowlRBintcnMtotian« 
dtc vinu ia iclc4ucd from the vinu recvptor otdMOme 
ind the virus movra to eh« nudcui****^*. The specificity 
fot cell taigeu Is ]ikcly a ^rnction of receptor densiry. Ad 
type tnd local imm unc 5iuvciUaocc. For tarerting to the 
liver, the mo«l direct approach is to infuu the Ad vector 
into the hepatk vsscukr fupply luch a» the pOTtil vdn ii 
usedhcrc. Iinportantiy.thuapprcrachiucccfisMIy t^rg^ 
hepatacytes, atf oo KupfTcr ccU^i bUiary tract ecus or 
hepatic vasoUar endotmid cetk ea^teued (he bcZgene 
feUawine infuUon of Ad RSvpgal. Moreover, the 
expreuioo w» Uver-speciAc 

Adenoviruc-mediflted ^ne tramfer for 4me(iorQ to of 
hq>atic enzyme deficiency hai been atiemptcd in other 
model »y»ccmi. In a moufie model of ornithine 
tranficarbam^e defidexicy (OTC) (a geoc nonnally 
citpreased at a rdative)y low level In liver) systemic 
4dmini«Cr9t(0A of fto adcnovinis vcaoi cont4in^g a rat 
OTC cDNA to newborn mice resulted in some uiimati 
with enhanced ImJs ofhcptic enzyme activity and aomc 
exhibiting phcnotypic correction^. Syiiemic 
adminutzation of adenoviral vector* to newborn micci 
however, remits in th« ^n^^fi^v^ gene escpreuion in 
moltiple organs including lung, Uvcr^ inceitific, heart and 
skektal muade"^. Moreover* in tranKgcnicmou^ itudip 
where OTC transgenei mrc caprwed prcdamioantly in 
the intestine, the phenotypic dcifect wai alio mnrected^^ 
raising the qucalion o( the coDtrifautioa of enzyme activity 
frain sites other thui the Uver. Irt th« current study, adult 
lats were {pven an Ad vector directly to the liver via 
iotraportal injection and ezptessioo ^ limited to the 
Uver. 

The relatively bw levels of ol AT achieved (Fig. 4) in 
comparisoQ vnth a Icvd thut wouldbe required for therapy 
(>0.6 mg nO'^) must be considered with the Wiowledg^ 
that, unlike OTC the aiAT gene \ft esrpresced In 
hepatocytea at a high level Two other fundameniaJ 
differences exist between the current study and the 
newborn mouse oxxleL Pint, aduh rats arc npt necesadtil)^ 
tom^iible to newborn mice In terms of susceptibility (Q 
in yi¥Q gene transfer. Second, we determined the eerum 
concentration of alAT whems in the newborn mouse 
modelonlytheactivityofthe(intra-mitothondriai)OTC 
was asscsKd. Despite these dUfcrenccSv a comparisao of 
the studies suggests tlot direct intraportal administration 
to adult yields local expression 4t a level leu than that of 
a bi0»|y e<prcaKd protein (alAT), whereas sysicmLc 
administration to neonates results inexprciaion in multiple 
organs of suf&ciokt activity to produce pheooti^c 
correction for a idativtlv low level etpretsed protein 
[OTC). Tbwc concepts will have to be taken into account 
in desiring gene trans^r strategics to specific organs. 

The ciaeql of (PrprrwioD of the (oc^ geoe within the 
Uver foUoWiag intrsportal Ad.RSVPgul ioftision was 
patchy, with approximately 1% of hepacocytcs 
demonstrating p-galactoiidaie activity 3 days after 
infusion. Hoi«ever, >60% of hcparocytes in primary 
cultures cxprcsoed P-gabctosidase when infetcted in Wrr^ 
at a multip^ty of infectson f IQD pfu per cell with the 
same vector, suggesting that the eztent of eipression in 

vivtf nuy be deterniined by the amount of fiinctional 
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4 Levels of human o1 AT in the drcufation of mm after 
Imraponol administmtton yf Ad-o1 AT. Ad-at AT (1 0'° pfu) 
or Ad control vectors (1 0^** Pfu each) or oulTer wa& ir^sed 
jnto the portal orf are$th«ti»[J rata;. Eech aymool 
lepfcsoms the mean til qmulfupllcata d^rnifnatfona frum 
an intftvlduBJ rat Bnom are data for AdHxl AT intected 
Boimam «. and a vartaty of conVoir o. Rata rficefving no 
intrsportal *nfuaion; rata racaiving tntraportal wir^ 
suspension duffer: A. Ad-di3ia; a Ad-CFTR; o. 
A4iiSV^93l hto ol AT was dctecW in tN prwcr«>ons of 
A(^a^ AT for infdOton, 

vcoorrcadungeacb hepatocyte-Since the rat livttf contains 
approidm&tely IQ^hepatocytes^, infusion of 10'" pfu will 
permit, at most» lO pfu per cdil. Moreover, ''pfu'* for the 
Ad vectors are defined on a oil line (293, transformed 
human embryonal kidney cdh)** which provides £i 
fiinctioo in trum to the repUcation-defidertt Ad vectors. 
This in vitro titering methodmay not reflect tha infectivity 
of rat hcpatocytes in vivp. The patchy in vrvo expression 
may also be a^Ucd by (he distribution of the peifisau 
boUis after injection into the port^ Because the 
infraponal adenovirus itnlegf does not require prior 
hepatic damage to enhance hcpatocyte replicauoo" '^** '^ 
or partial hepatectomy to harvest hepatocyres (nf in jntro 
gene transfer tru) reunplajiution*^\ it avoids the natural 
' tnorbidity andmortality of these procedures. FuTthdmore, 
optimization of the in adenovirus deliYery System 
(for example, by higher doaagci or rtpcatcd 
administratiao) may offrr significant increases in 
caogenous gene expression and/or the dotation of 
expression of the tnns&iTed gene. 

Tlic expression achievable using the present sirateg) 
would not be luffident to titot htiman al AT dcGdency 
but migbc possibly be suSiclent to provide enou^ 
recombinant molecules (alone or with cottventiooa 
therapy) t treat a variety f genetic dis^mlcTs, indudiiTi 
the £rcti7f Vm and factor IX haemophilias; deftcitnc; 
disorders of the urea cycle, dis rders of amino scir 
rtteubolism, carbobydnce metaboUim. or porphyrii 
related disorders''^'^. Iht extent of expression sea> her 
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may allow thetapy for diior<krs sycb m LDL tf^cp^^ 
muutioafi. ihouW the ftceptor sysums be sufficieotjy 
^^AjAii-.:^!, or i« fcmalrt viriih X4LTikc<l disorden 
Where the i«ttOT of X-iii«ti«t'fflP \m left Aw w»ih 
,ubopiimfll levels of ^nt aprtttion'^''*. 

In rtfcrrftce to chronidty of e«pft«ion» the availJWe 
evidence WMrtU Ihftt th* Ad genes liWy hwciioD m bi 
Cjtr^-dtTDmoiomaJ fas)iion — Ucdc U integrated m the 
fte«)me'\ While this hw advantage* as ft vector system in 
miivinihins insectiaRil mutageoe^s, th< chronkityof 
infection may be limited by thmte of CcU Wf ovcr The 
«nifeMionfor«UB4t4wecbofthchuii)ftn at^TcQNA 
i^owipg in Wvo nimfer to the liver is conxislent Krith the 
fibwrarnoverofadullhepaiQqnejnvjvtf^.Altcrnolivcly, 
the cxogctious may penist in the hepatocyte out 
expresiton mny dcdirte «i hu beert obsctvtd for genes 
mcidmei to celli in vifro by recombinant retovinifi 
vectors and then reimplamed". tbi* may be obviated> 
however, by repeated dwiges. 

Finatty. the »fety of repUcfttian dcficienr recombinant 
adcnovims vector* W vfvp m hwiani is unWw ^d 
further imdy wiU be needed lu resolve this issue- There is 
evidence to suggettt however, liiBi safe use may be poanblc. 
At no lime interral after ifl Wi^ tninsfer with Ad vector* wtt 
there grow or miCTOKOpic cvUence of hepatic damage, 
regenerative or d.!ficnertdve changBs, 
iCTpowes* or evidence of neoplastic changes. ImpmlanUy, 
human Ad infection is not ftssodated with maliffftonqf Tbe 

Ad vectors are constructed to be replicatiiW deficiciit; whUfi 
it is conecIvaUc Oat otogenous wUd type Ad could 
complemcnl ihc deleted region It) propagate the 
rccomWnaxit vinia, Ad hepatic infeccion \P a rare duucal 
event irhiimacw»^iaiig^tinS^™y>»«^^«"»^?^'^ 
safety issue. FuUSy, oral Ad vaccines have been safeJy used 
In humans for decades with an eaccUeni safety record . 



(Type IV, sigmij. la mm n^^, 7- "T""'" ' 

Dulbeeee'( modified Eigfe medium (DMEM) mvLt^ 1*1 with 
Vi^rrnioam'imitfivuBCboAfromCilWUDliftduflme*!^^^ 

^ 10 (18 m»-^ 10 mM ME?ES pM 7 4. l«J hejn 
inscti^Tttl Seed oJf *e«im lHr<W« iJ»»""^'*^»».*f?^,Vr!?' 
KQnidhcfeaicdl»werficmoi«4byv.wh«\eP-;"^«*^ *<5 " 
free KenVVbaUnud stU solution ^ttftSS), Wmolotrs cviioirtton 
demoamitrii of ihc «Ui h*4 U» typical ippeartntir of 

Wuiion of bcvtoe lerxun eibttfrnn I J5 mg ml" ^ »«okic .c^ 
S.J5 pg n&* (TTS*. CofittfciAfili w UettafchS, 

Adcnov^nis vector*. f^Acnvnrtm we prepaied. punficd .nd 

biKd wxtoi *wiOi Adl maior Hte prcrwicf Ittd ihe<sttm»tt ai Ai 



U Ihc Rout Mfcomi vSnii loot unnlflil rct««. *« 

at ddelto" inBa"' t^iUliint «n oJ«.*>i«i.8Ba.? J^^t^r*^ 

wMl thebn«»fl CCFTR) <DNA» in««4 «f »<* 

S5i^B3a»lliip»icivafinfat«n,fiaipfap€rcac^ 

SCtLrt^S (10 m«T...-Ha I mM MbTO. JO* ttytOJi, 
MIA) m maJi* Jlpnt f« " «>»W«i»'»^ ^ 
^covered ifurf Jl h br cipotufe to trrp.-ii- 

BiJnuidi. aoektille. M^fylwdJ. B=n1« 

{I.J > W apm 111 ') ?tqp»i«<t 6tMi I human alAT <P»W, 

J, J, i«, or IS d»y» «1« wUi were lAeutored tM >». » "CI »«* 
|»SliB(ihU>iiin< {ISO KCi ml' l>^0Ob Ci m<Bdi-«; N"-*^ 
Nuclear)). T6 detMiiwritt tlwt thi hofliw ^SSJlS 
i„,n«m»lWuon.eriiletoJW«rfA<l-aijjT."fc^^ 
wwUWtedmlh[^)me«b»~i.c.ft«*««W>t'P»rf^^»^ 

mT'V M of dlnil rfjutfrtatum pnxcamg ~^ 

bV ImmSwpreopiWtioft wiih • i*hbii wuJvwnw »1 ATt«»2[ 

and ibt m» lUowcd to A/W J diy*. mhw M"|»^^it 
«rtScci bled, and ** U«r fati in liftrbf '-'* 

KM IMKV) in CBS (♦ "C, t«e« wt« Own ianc«d alo J »»■ 

df Mptmio^ buffer. '"?'»"»» ^J'S^?^ 
aaiSkei t» J. V, U, 28, 60 md » dija ifaf mj»f»«i. »ea. 

nul iinmuiiiipt«ifiutma».11i« i« ir*wo«jr««on of a«c A*«iat 
u»™fcn«d ol AT cDNA wtt in»ly«d in iJw leiwn iwil^ "Hf » 
)UKn«il ol AT-ip««a!£ EIJ&A Mth I SCMiOViiy ot >i BR !»• • 
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